A novel anaerobic, moderately thermophilic bacterium (strain SGL43 T ) was isolated from Severo-Stavropolskoye underground gas storage reservoir (Russia). Cells of strain SGL43 T were motile straight rods, 0.4 mm in diameter and 2.0-3.0 mm in length. The temperature range for growth was 28-65 6C, with optimum growth at 50 6C. The pH range for growth was 5.5-8.0, with optimum growth at pH 7.0-7.5. Growth of strain SGL43 T was observed at NaCl concentrations of 0-4.0 % (w/v) with optimum growth at 1.0 % (w/v) NaCl. Substrates utilized by strain SGL43 T included peptone, yeast extract, glucose, fructose, maltose, galactose, pyruvate and citrate. Products of glucose or citrate fermentation were acetate, hydrogen and CO 2 . Thiosulfate was reduced to sulfide. The DNA G+C content of strain SGL43 T was 43.1 mol%. 16S rRNA gene sequence analysis revealed that strain SGL43 T belongs to the order Thermoanaerobacterales (phylum 'Firmicutes'). The closest relative of strain SGL43 T was Thermoanaerobacterium saccharolyticum (86.2 % 16S rRNA gene sequence similarity with the type strain). Based on the data presented here, strain SGL43 T is considered to represent a novel species of a new genus, for which the name Caloribacterium cisternae gen. nov., sp. nov. is proposed. The type strain of Caloribacterium cisternae, the type species of the genus, is SGL43 T (5DSM 23830 T 5VKM B-2670 T ).
Underground reservoirs for the storage of natural gas represent anthropogenic, carbon-rich environments that are often characterized by elevated temperatures. The microbial communities of these habitats have been poorly studied. The presence of viable methanogenic, acetogenic, sulfate-, nitrate-and iron-reducing, fermentative mesophilic prokaryotes has been demonstrated for deep subsurface gas storage reservoirs in Russia and France. Both culturing and molecular techniques have shown that members of the 'Firmicutes' and 'Proteobacteria' dominate the bacterial portions of the community (Ivanova et al., 2007; Basso et al., 2009) . To our knowledge, only one thermophilic anaerobic micro-organism, 'Moorella perchloratireducens' (strain An105ATCC BAA-15315JCM 14829), has been isolated from an underground gas storage reservoir (Balk et al. 2008) . Here, we report the isolation and characterization of a novel anaerobic, moderately thermophilic, organotrophic bacterium (strain SGL43 T ) from production water of Severo-Stavropolskoye (North Caucasus Region, Russia), the world's largest such reservoir.
Details of the sampling location and procedures are described by Ivanova et al. (2007) . An enrichment culture was initiated by inoculation of 10 % (w/v) of the water sample into anaerobically prepared, bicarbonate-buffered, sterile (135 u C, 1 h) liquid medium of the following composition (per litre distilled water): 0.33 g NH 4 Cl, 0.33 g KCl, 0.33 g MgCl 2 . 6H 2 O, 0.33 g CaCl 2 , 0.33 g KH 2 PO 4 , 2.0 g NaHCO 3 , 1 ml trace element solution (Slobodkin et al., 1997) , 1 ml vitamin solution (Wolin et al., 1963) and 0.2 g yeast extract (Sigma). The medium did not contain any reducing agents; the pH of the autoclaved medium was 6.7-6.9 at 20 uC. Glucose (15 mM) was added as substrate from anaerobically prepared sterile stock solution before inoculation. Incubation temperature was 50 u C. After three subsequent transfers, the enrichment was purified by serial 10-fold dilutions in the same medium followed by the selection of well-separated colonies that had developed in anaerobic agar blocks (1.5 % agar in growth medium). White, small, irregular-shaped colonies (,0.5 mm in diameter) appeared after 7 days of incubation at 50 u C. Six individual colonies from the 10 25 dilution were transferred to separate test tubes with liquid medium; after 1 week of incubation, growth was observed only in one liquid culture. From this liquid culture, colony selection was repeated twice and finally the single colony that had developed in the highest agar block dilution (10 24 ) and grew in the liquid medium was considered a pure culture, designated strain SGL43 T and used for further studies. Light and electron microscopy, tests of temperature, pH and salinity ranges for growth, analytical techniques for determination of metabolic products, DNA extraction and determination of DNA G+C content were performed as described previously (Slobodkin et al., 1999) . Cellular fatty acid profiles were determined by GC-MS of the methyl ester derivatives prepared from 5 mg dry cell material (Sasser, 1990) . Cellular fatty acid content was determined as the percentage of the total ion current peak area. The 16S rRNA gene was selectively amplified from genomic DNA by PCR by using forward and reverse primers 27F and 1492R (Lane, 1991) . PCR was carried out in a 50 ml reaction mixture containing 50 ng DNA template, 5 pmol (each) primers, 12.5 nmol (each) dNTPs and 3 U Taq DNA polymerase (Fermentas) in Taq DNA polymerase reaction buffer (Fermentas). PCR amplification was performed under the following conditions: first cycle of 9 min at 94 u C, 1 min at 55 u C and 2 min at 72 u C, 30 amplification cycles of 1 min at 94 u C, 1 min at 55 u C and 1 min at 72 u C, and a final extension at 72 u C for 7 min. The PCR products were purified by using a Wizard PCR Preps kit (Promega) as recommended by the manufacturer. The 16S rRNA gene was sequenced in both directions with forward and reverse primers 27F, 357F, 530F, 1114F, 342R, 519R and 1492R (Lane, 1991) by means of Big Dye Terminator v.3.1 (Applied Biosystems) according to the manufacturer's instructions by using an ABI PRISM 3730 sequencer (Applied Biosystems). The sequences were assembled and checked for accuracy manually with the alignment editor BioEdit v5.0.9 (Hall, 1999) . The nearly full-length 16S rRNA gene sequence of strain SGL43 T (1437 nt) was compared with other sequences in GenBank (Benson et al., 1999) by using the BLAST program (Altschul et al., 1997) to identify its closest relatives. Alignment with a representative set of other 16S rRNA gene sequences in GenBank was carried out via the CLUSTAL W program provided by the phylogenetic analysis package MEGA version 4 (Tamura et al., 2007) and then adjusted manually. Pairwise similarity values were calculated by means of the EzTaxon server (Chun et al., 2007) . A dendrogram was constructed by the neighbour-joining method (Saitou & Nei, 1987) with the maximum composite likelihood model (Tamura et al., 2004) by using MEGA version 4.
Cells of strain SGL43 T were straight rods, 0.4 mm in diameter and 2.0-3.0 mm in length. Cells occurred singly or in pairs and were motile by means of several non-polar flagella ( Fig. 1a, b ). Spores were not observed for cultures that had been grown under optimal or suboptimal conditions (different pH, temperature and salinity). In addition, cultures incubated at 100 u C for 20 min or at 121 u C for 60 min could not be further subcultured, suggesting the absence of heat-resistant bodies such as spores. Ultrathin sectioning of cells of strain SGL43 T revealed the presence of a distinct electron-dense material characteristic of a peptidoglycan layer of Gram-positivetype cell walls (Fig. 1c) . The temperature range for growth of strain SGL43 T was 28-65 u C, with an optimum at 50 u C. No growth was detected at 66 uC or above, as well as at 25 u C or below after incubation for 3 weeks. The pH range for growth was 5.5-8.0, with an optimum at pH 7.0-7.5. No growth was observed at pH values ¡5.0 or ¢8.5. Growth of strain SGL43 T was observed at NaCl concentrations of 0-4.0 % (w/v) with an optimum at 1.0 % (w/v), but no growth was evident at 5.0 % (w/v) NaCl or above. Yeast extract (0.2 g l 21 ) was essential for growth. The doubling time under optimal conditions was 2.1 h. Potential electron donors and acceptors were tested on the same medium as used for isolation but supplemented with 1.0 % (w/v) NaCl. Soluble substrates and electron acceptors were added from sterile anaerobic stock solutions before inoculation. Insoluble substrates and electron acceptors were added directly into each test tube with liquid medium prior to sterilization. Medium with poorly crystalline iron (III) oxide (ferrihydrite) was prepared as described previously (Slobodkin et al., 1999) . Substrates utilized by strain SGL43 T included glucose, fructose, galactose, maltose, pyruvate (15 mM each), peptone, yeast extract (2.0 g l 21 each) and citrate (10 mM). Products of glucose or citrate fermentation were acetate, hydrogen and CO 2 . From 1 mM of glucose consumed, approximately 2 mM acetate and 1 mM H 2 were produced; CO 2 was not quantified. No growth was observed on tryptone, beef extract (1.0 g l 21 each), glycerol (20 mM), L-arabinose, cellobiose, lactose, sucrose, xylose (15 mM each), cellulose, carboxymethyl-cellulose, filter paper, dextran, starch (2.5 g l 21 each), lactate, fumarate, malate, maleate, succinate (10 mM each), olive oil (5 g l 21 ) or H 2 /CO 2 (80 : 20, v/v) without an electron acceptor. Potential electron acceptors were tested with glycerol (20 mM) or peptone (2.0 g l 21 ) as the energy sources in the presence of yeast extract (0.2 g l 21 ). Thiosulfate enhanced growth slightly and was reduced to sulfide. Ferrihydrite [90 mmol Fe(III) l 21 ], nitrate (10 mM), nitrite (2.5 mM), sulfate (14 mM), sulfite (5 mM), elemental sulfur (10 g l 21 ), 9,10anthraquinone-2,6-disulfonate, fumarate (20 mM each) and oxygen [3 or 20 % (v/v) in the gas phase] were not reduced and did not support growth (on glycerol) or stimulate growth (on peptone). Penicillin, ampicillin, novobiocin, kanamycin and neomycin (each at 100 mg ml -l ) inhibited growth of strain SGL43 T . The cellular fatty acids comprised a mixture of monounsaturated and saturated straight-chain and branched components (see Table S1 in IJSEM Online). The major fatty acids were iso-C 15 : 0 , C 16 : 0 , C 18 : 0 and iso-C 17 : 1 v8 (19.8, 16.6, 15.9 and 15.3 %, respectively).
The G+C content of the genomic DNA of strain SGL43 T was 43.1 mol% (T m ). A comparison of 1437 nt of the 16S rRNA gene sequence of strain SGL43 T with those available in GenBank showed that strain SGL43 T belonged to the order Thermoanaerobacterales, class Clostridia, and shared highest pairwise similarity with the type strains of Thermoanaerobacterium saccharolyticum and Thermoanaerobacterium aotearoense (86.2 and 86.0 %, respectively) (Fig. 2) . The novel isolate was almost equidistantly placed between the genera Thermoanaerobacterium (84.6-86.2 % 16S rRNA gene sequence similarity) and Caldanaerobius (84.1-85.1 %). At the time of writing, the numbers and genera making up the families within the order Thermoanaerobacterales are not firmly defined (Euzéby, 2011; Wang et al., 2007; Wiegel, 2009 ). According to RDP Release 10 (http://rdp.cme.msu. edu/), the order Thermoanaerobacterales consists of two families, Thermoanaerobacteraceae and Thermodesulfobiaceae. Strain SGL43 T shares morphological and physiological traits with members of the family Thermoanaerobacteraceae. As with the majority of representatives of Thermoanaerobacteraceae, strain SGL43 T is an anaerobic, thermophilic, chemoorganotrophic micro-organism with a fermentative type of metabolism. It grows on carbohydrates as energy sources, although utilizing a more narrow range of sugars (Table 1 ). Similar to many species of different genera of the order Thermoanaerobacterales, strain SGL43 T reduces thiosulfate to sulfide (Wiegel, 2009) . In contrast to representatives of the closest related genera, strain SGL43 T produces acetate and hydrogen but not ethanol, lactate or formate as products of glucose fermentation. It also differs from its closest relatives based on temperature and salinity ranges for growth. The optimal growth temperature is 10-15 u C lower than that for its closest relatives. The optimal NaCl concentration is 1 % and strain SGL43 T can grow in up to 4 % NaCl whereas the optimal concentration of NaCl for its closest relatives is about 0.1 %. In addition to carbohydrates, strain SGL43 T is able to ferment citrate; this feature has been not reported for representatives of the order Thermoanaerobacterales. Remarkable differences exist in cellular fatty acid profiles for the novel isolate and representatives of closely related genera. iso-C 15 , iso-C 17 : 0 and, to a lesser extent, C 16 : 0 have been reported to be the major fatty acids for some strains of the genera Thermoanaerobacterium, Caldanaerobius, Thermoanaerobacter and Moorella (Cann et al., 2001; Yamamoto et al., 1998) . For strain SGL43 T , iso-C 15 : 0 and C 16 : 0 are also the predominant components but iso-C 17 : 0 is present at a low level (4.3 %). Unsaturated fatty acids and straight-chain fatty acids longer than C 17 : 0 were not detected or were present at low or trace amounts for strains of the genera Thermoanaerobacterium, Caldanaerobius, Thermoanaerobacter and Moorella. In contrast, C 18 : 0 and iso-C 17 : 1 v8 are among the major fatty acids for strain SGL43 T . In addition to these data, the significant phylogenetic distance (80-86 % 16S rRNA gene sequence similarity) precludes assignment of strain SGL43 T to any described genera of the order Thermoanaerobacterales. Therefore, on the basis of its phylogenetic position, and phenotypic and physiological properties we propose that strain SGL43 T represents a novel species of a new genus in the family Thermoanaerobacteraceae, for which the name Caloribacterium cisternae gen. nov., sp. nov. is proposed.
Description of Caloribacterium gen. nov.
Caloribacterium (Ca.lo.ri.bac.te9ri.um. L. n. calor heat; L. neut. n. bacterium a small rod; L. neut. n. Caloribacterium a thermophilic rod). Cells are rod-shaped. Anaerobic and moderately thermophilic chemo-organotroph. Member of the family Thermoanaerobacteraceae, order Thermoanaerobacterales, class Clostridia. Ferments monosaccharides and disaccharides. Reduces thiosulfate. The type species is Caloribacterium cisternae.
Description of Caloribacterium cisternae sp. nov.
Caloribacterium cisternae (cis.ter9nae. L. fem. n. cisterna reservoir; L. gen. n. cisternae of/from a reservoir, referring to the source of the type strain).
Has the following characteristics in addition to those given for the genus. Cells are motile, straight rods, 0.4 mm in diameter and 2.0-3.0 mm in length. Spores are not produced. Gram-positive cell wall. Grows at 28-65 u C (optimum, 50 u C), at pH 5.5-8.0 (optimum, pH 7.0-7.5) and in the presence of 0-4.0 % (w/v) NaCl (optimum, 1.0 %). Yeast extract is essential for growth. Utilizes glucose, fructose, galactose, maltose, peptone, yeast extract, pyruvate and citrate. Products of glucose or citrate fermentation are acetate, hydrogen and CO 2 . No growth is observed on beef extract, tryptone, glycerol, L-arabinose, cellobiose, lactose, sucrose, xylose, cellulose, carboxymethyl-cellulose, filter paper, dextran, starch, lactate, fumarate, maleate, succinate, olive oil or H 2 /CO 2 (80 : 20, v/v) without an electron acceptor. Thiosulfate is reduced to sulfide. Poorly crystalline iron (III) oxide, nitrate, nitrite, sulfate, sulfite, elemental sulfur, 9,10-anthraquinone-2,6-disulfonate, fumarate and oxygen are not reduced and do not support growth. The major fatty acids are iso-C 15 : 0 , C 16 : 0 , C 18 : 0 and iso-C 17 : 1 v8.
The type strain, SGL43 T (5DSM 23830 T 5VKM B-2670 T ), was isolated from production water of an underground gas storage reservoir. The DNA G+C content of the type strain is 43.1 mol% (T m ). Table 1 . Differential characteristics of strain SGL43 T and its closest relatives in the genera Thermoanaerobacterium and Caldanaerobius Taxa: 1, SGL43 T ; 2, Thermoanaerobacterium saccharolyticum (data from Lee et al., 1993) ; 3, Caldanaerobius polysaccharolyticus (Cann et al., 2001; Lee et al., 2008) . NA iso-C 15 : 0 , C 16 : 0 , C 18 : 0 , iso-C 17 : 1 v8 NA iso-C 15 : 0 , iso-C 17 : 0 , C 16 : 0 International Journal of Systematic and Evolutionary Microbiology 62
